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Chapter 1

The LHC and the ATLAS detector

1.1 The Large Hadron Collider

The Large Hadron Collider (LHC) [9] is a proton-proton collider that will operate at
the highest center of mass energies ever achieved, 14 TeV.

The LHC accelerator is located at the CERN laboratory near Geneva at the Swiss-
French border. Protons are pre-accelerated using a linac to an energy of 50 MeV before
being injected in the Proton Synchrotron booster in which they are accelerated to an
energy of 1.4 GeV, see Figure 1.1. The next acceleration step is the Proton Synchrotron
(PS) giving the protons an energy of 26 GeV. The Super Proton Synchrotron (SPS)
increases the beam energy to 450 GeV which is the energy of the protons when injected
in the LHC where an ultimate beam energy of 7 TeV is reached. The LHC is built in
the tunnel of the former accelerator, the Large Electron Proton accelerator (LEP). The
main parameters of the LHC accelerator are given in table 1.1.

The LHC consists of two counter rotating proton beams crossing at four different
points along the ring. More than 1200 superconducting dipole magnets with magnetic
fields up to 9 T are used to steer the proton beams, consisting of 2808 bunches of protons
with 1011 protons per bunch. The bunches are inter spaced with a 25 ns time interval,
giving rise to 40 million bunch crossings per second at each crossing point.

The LHC started up on the 10th of September 2008, successfully sending the proton

Parameter Value Unit
Circumference 26659 m
Beam energy 7 TeV
Injection energy 0.45 TeV
Luminosity 1034 cm−2s−1

Luminosity lifetime 10 hours
Bunch spacing 25 ns
Particles per bunch 1011

Bunches per beam 2808

Table 1.1: The main LHC parameters
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The LHC and the ATLAS detector

Figure 1.1: An overview of the accelerator complex at CERN.

beams around in the accelerator. A malfunction caused by a faulty electrical connection
resulted in mechanical damage on the 19th of September that year [10]. A total of 53
of the superconducting dipole magnets had to be removed from the tunnel for cleaning
and repairs. The schedule at the time of writing this thesis foresees that the LHC will
restart late 2009.

The design luminosity of 1034 cm−2s−1 will be reached after a period of operating at
a lower luminosity of 1033 cm−2s−1. At restart, it is expected that the LHC will run at
a lower center of mass energy of 10 TeV.

Six detectors are designed and constructed to measure the physics events at the
LHC. Two general-purpose detectors, ATLAS [11] and CMS [12] are designed to cover
a wide range of physics. The LHCb [13] experiment is dedicated to study B physics
and CP violation. ALICE [14] is designed to study physics of the quark-gluon plasma
by studying collisions of heavy ions, Pb-Pb collisions at the LHC. TOTEM [15] will
measure the total proton-proton cross-section and elastic scattering. LHCf [16] studies
the energy distributions of particles very close to the beam line.

1.2 The ATLAS detector

The ATLAS experiment is one of the two general-purpose detectors at the LHC. The
high interaction rates, radiation doses, particle energies and multiplicities as well as the
requirement of high precision measurements has set high standards for the design of the
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1.2 The ATLAS detector

apparatus.
The search for the Standard Model Higgs boson has been used as benchmark to

establish the performance of the subsystems of ATLAS. This imposes the following
requirements on the detector design:

� Fast and radiation hard electronics and detector elements are needed in the high
luminosity environment.

� Large acceptance over the full polar and azimuthal angle, ensuring a hermetic
detection volume in which no high momentum particle is undetected.

� Efficient tracking for charged particles with high transverse momentum, together
with electron and photon identification. In addition, secondary vertex reconstruc-
tion is required for τ -lepton, charm and bottom identification.

� Muon reconstruction and identification for muons over a large momentum range
and the ability to determine the charge of high transverse momentum muons.

� Excellent calorimetry with electromagnetic calorimeters for electron and photon
identification and energy measurements, complemented by full-coverage hadronic
calorimetry for accurate jet and missing transverse energy measurements.

� Highly efficient triggering on low transverse momentum objects with sufficient
background rejection is a prerequisite to obtain an acceptable trigger rate for
most physics processes of interest.

To meet these requirements, ATLAS consists of three subsystems, as indicated in
Figure 1.2. Closest to the interaction point, a high precision Inner Detector tracker is
deployed in a solenoidal field to track charged particles. The energies of the particles
and jets are measured in the calorimeters, which are built around the inner tracker. The
Muon Spectrometer is built around the calorimetry detectors, to achieve high precision
muon momentum measurements.

The ATLAS coordinate system

The ATLAS detector has an approximate cylindrical design. The detector is organized
in a central barrel part and two end caps. The interaction point defines the origin of
the global coordinate system used to describe the detector. The positive x axis points
from the interaction point to the center of the LHC ring. The z axis lies along the beam
line. The (positive) y-axis is perpendicular to the x and z axis and points upwards.
The direction of the positive z-axis is such that the coordinate system describes a right-
handed system. The positive z-side of the detector is referred to as the A side of the
detector, the part on the negative z-axis as the C side. The radial distance R is defined
as R =

√

x2 + y2. The azimuthal angle φ is defined in the xy-plane. It is zero at the
positive x-axis and increases clockwise when looking down the positive z-direction. The
polar angle θ is the angle from the positive z-axis in the Rz-plane. The pseudo-rapidity
(η) is often used and defined as η = −ln(tan(θ/2)). The transverse momentum is defined
in the xy-plane.
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The LHC and the ATLAS detector

Figure 1.2: Cut-away view of the ATLAS detector.

1.2.1 Inner Detector

The Inner Detector tracker (ID) is situated closest to the interaction point. It is designed
to track charged particles produced in the proton collisions. At design luminosity, the
number of charged particles in the tracker is of the order 1000 per collision. For each
track, the momentum, direction and impact parameter are measured, as well as the
charge of the particle. The primary vertex and possibly secondary vertices are also
reconstructed. The ID is embedded in a 2 T solenoidal magnetic field.

High granularity and fast detectors are required for this task. Silicon pixel and strip
trackers, used in conjunction with straw tubes transition radiation trackers offer these
features. Figure 1.3 shows the Inner Detector tracker consisting of three technologies
which are discussed below. Some parts have been removed to show the inner structure
of the detector.

Closest to the interaction point, high granularity semiconducting silicon pixel (Pixel)
detectors provides 3-dimensional measurements used for pattern recognition and vertex
finding. Around the pixel detector, the Semiconductor Tracker (SCT) provides four
layers of space measurements for improved pattern recognition. Finally, a transition
radiation straw tube tracker (TRT) provides measurements in the bending plane (Rφ-
plane) and electron identification.

The silicon detectors have an |η| coverage up until 2.5, the TRT has a coverage up
to |η| < 2. The Inner Detector will give a typical momentum resolution of ∆pT/pT =
0.04% × pT ⊕ 2% with pT in GeV and an impact parameter resolution of 15 µm in the
transverse plane.
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1.2 The ATLAS detector

Figure 1.3: Cut-away view of the ATLAS Inner Detector. The three subsystems, Pixel,
SCT and TRT are indicated.

The pixel detector

The pixel detector consists of three concentric layers in the barrel and three discs per
end cap in the forward regions. The distances of the three barrel layers to the beamline
are 5.05, 8.85 and 12.25 cm respectively. A traversing charged particle liberates charge
in the silicon sensor and a discriminator in the readout electronics determines is the
signal is above threshold. The time over threshold is written out and makes it possible
to reconstruct the amount of charge that was deposited.

The pixels have an Rφ − z size of 50 × 400 µm2. The spatial resolution is approx-
imately 12 µm in the Rφ-coordinate and 110 µm in the z-coordinate. The detector
contains approximately 80.4 million readout channels. Being closest to the interaction
point, the pixel detector dominates the impact parameter resolution. Because of its high
granularity, the pixel detector plays an important role for pattern recognition as well.

The SCT detector

The silicon strip detector is built in four concentric layers of SCT modules in the barrel
region, with the strips arranged axially along the beam line. The strip pitch is around
80 µm and gives a 1-dimensional measurement. Two strip modules are glued back-to-
back with a small stereo angle of 40 mrad, making it possible to measure the second
coordinate. The spatial resolution of the first coordinate is 23 µm and of the second
coordinate 800 µm.
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The LHC and the ATLAS detector

The end cap region of the SCT is constructed with 9 discs per end cap with SCT
modules mounted in concentric circles. The strips are arranged to point radially to the
beam line. Unlike the Pixel detector, the SCT readout is binary.

The total number of channels in the SCT detector is more than 6 million. The de-
tector contributes to the resolution of the impact parameter, momentum and z-position
of the tracks. Due to the high granularity, the SCT is important for pattern recognition.

The TRT detector

The transition radiation detector consists of 4 mm diameter straws with a gold-plated
tungsten wire in the middle. The straws are filled with a drift gas mixture of Xe : CO2 :
O2 = 70 : 27 : 3. When a charged particle traverses the straw, it ionizes the drift gas,
causing the ionization clusters to drift towards the central wire due to a large potential
difference between the walls of the straw and the wire. From the time it takes to reach
the wire, the distance of the track to the wire is measured with an accuracy of 130 µm.

In addition, the Xenon in the drift gas mixture is sensitive to transition radiation
photons generated in the radiator material between the straws. Electrons produce more
transition radiation photons than other particles, making the TRT suitable for electron
identification.

The straws in the barrel are oriented axially in 73 concentric layers, giving measure-
ments in the bending plane R − φ. The active length of the straw is 71.2 cm, covering
half a barrel. In the end cap, the straws are aligned radially in 18 discs per end cap. The
total number of channels for the TRT detector is over 350,000. The detector improves
the momentum resolution significantly and provides electron identification.

1.2.2 Calorimetry

The ATLAS calorimeters measure energies of jets over a region up to |η| < 4.9. Particle
identification is possible, photons are distinguished from electrons and from charged
pions by using tracks from the Inner Detector.

ATLAS has both electromagnetic and hadronic calorimetry. Both calorimeters use
sampling techniques in which layers of passive material and active material are arranged
alternately. The passive material (absorbers) make charged particles shower and the ac-
tive layers detect the resulting particles. In the ATLAS calorimeter, liquid Argon (LAr)
and scintillating plastic tiles are used as active material. Several absorber materials
(lead, copper, steel and tungsten) are deployed in various regions of the calorimeter.

The calorimetry system is divided in four different subsystems. Figure 1.4 shows an
overview of the ATLAS calorimetry system with the different technologies. Parts of the
detector are removed to show the inner structure of the detector.

Electron/pion separation (e±/π±) and photon/pion separation (γ/π0) is done with
a sampling layer in the electromagnetic calorimeter with fine granularity. Coarser gran-
ularity over the rest of the calorimeters is sufficient for the physics requirements for
energy measurements, jet reconstruction and missing energy measurements.
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1.2 The ATLAS detector

Figure 1.4: Cut-away view of the ATLAS calorimetry detectors.

The electromagnetic calorimeter

The electromagnetic calorimeter measures the energy of electrons and photons. It is
divided in a barrel part (|η| < 1.475) and two end caps (1.375 < |η| < 3.2). Lead is
used as absorber with liquid Argon as active medium to measure the signal. The lead
is folded in a typical accordion shape, see Figure 1.5, ensuring that no cracks in the
Rφ plane are present. The finer granularity of first of the three sampling layers provide
particle identification for photons, electrons and pions.

The depth of the electromagnetic calorimeter is more than 24 radiation lengths1,
ensuring that no electromagnetic showers go undetected. Test beam results have shown
that an energy resolution of σE/E = 11.5%/

√
E ⊕ 0.5% (E in GeV) is obtained.

In the region of |η| < 1.8, a presampler consisting of a layer of liquid Argon is used
to correct for the energy lost by electrons and photons upstream of the calorimeter.

The hadronic calorimeter

The task of the hadronic calorimeter is to measure the energy and direction of particle
jets from hadronized quarks and gluons and hadronically decaying particles. Hadronic
showers are longer and wider than their electromagnetic counterparts, with a broader

1One radiation length is the typical length over which an electrons energy is reduced with a factor
e (2.71).
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Figure 1.5: A barrel module of the electromagnetic calorimeter. The granularity of
the three different sampling layers is shown.

variance. The minimum depth of the hadronic calorimeters is around 10 interaction
lengths2. This depth is sufficient to reduce punch-through, i.e. unstopped hadronic
particles, well below the irreducible level of prompt muons or muons from decays.

In the barrel region, hadronic calorimetry uses iron absorbers and scintillating plastic
tiles. The iron in the hadronic calorimeter functions as return yoke for the solenoidal
magnetic field of the Inner Detector. Two sides of the scintillating tiles are read out by
wavelength shifting fibers into two photomultiplier tubes. The readout cells are pseudo
projective towards the interaction region in η. The central barrel covers |η| < 1.0, two
extended TILE barrels have a coverage of 0.8 < |η| < 1.7.

In the end cap region, 1.5 < |η| < 3.2, liquid Argon is used as active medium with
copper plates as absorber. High radiation levels dictate this choice of materials. The
energy resolution of the hadronic calorimeters is demonstrated to be σE/E = 56%/

√
E⊕

5.5% (E in GeV) [11].

The forward calorimeter

A forward calorimeter (FCal) is installed close to the beam line to extend calorimetery
coverage to 3.1 < |η| < 4.9. The FCal reduces radiation background levels in the Muon
Spectrometer. In order to reduce cavern background rates in the Inner Detector, the
front face of the FCal is placed 1.2 m in front of the EMCAL end cap front face. To

2An interaction length is the mean free path of a high-energy hadron.
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1.2 The ATLAS detector

ensure sufficient interaction length depth of the FCal, a high density design is deployed.
The forward calorimeter is split longitudinally in three segments. The first segment

has a copper absorber for electromagnetic measurements. The other two segments use
tungsten absorbers for hadronic measurements. The segments have a grid of holes
for positioning electrodes and contains liquid Argon as active medium. The energy
resolution of the FCal is demonstrated to be σE/E = 70%/

√
E ⊕ 3% for pions and

σE/E = 28.5%/
√
E ⊕ 3.5% for electrons [11].

1.2.3 Muon Spectrometer

The Muon Spectrometer forms the outermost layer of the ATLAS detector and is de-
signed to measure high transverse momentum muons with high precision, independent of
the Inner Detector. The spectrometer is embedded in a toroidal magnetic field (discussed
in section 1.2.4) and provides at least 3 station measurements for a muon in most of the
acceptance. From the curvature of the muon track, its momentum is derived. The muon
system is designed to achieve a momentum resolution of 10% for 1 TeV muons, which
corresponds to muon measurements with a precision of 50 µm or better. Furthermore,
trigger detectors in the muon system provide an independent muon trigger.

The Muon Spectrometer is arranged in a barrel and two end caps, each with three
layers of detector stations. Figure 1.6 shows the cross-section of the Muon Spectrometer
barrel in the non-bending plane, perpendicular to the beam axis. The cylinders are
positioned at radii of 5, 7.5 and 10 m and referred to as the inner, middle and outer
layer. Sixteen sections in the xy-plane are identified, 8 with large and 8 with small detec-
tor stations positioned in an overlapping structure to ensure total azimuthal coverage.
Figure 1.7 shows the cross-section of a quadrant of the spectrometer in the bending Rz-
plane, at an azimuthal angle such that the large muon stations are shown. Each end cap
consists of three wheels at a distance z from the interaction point of approximately 7.4
m for the inner wheel, 14 m for the middle wheel and 21.5 m for the outer wheel. Extra
stations in the barrel-end cap transition region are positioned in a wheel at z =10.4 m,
called the extended stations. The installation of parts of these stations is staged.

The Muon Spectrometer deploys Monitored Drift Tube (MDT) chambers to make
precision measurements in the region of |η| < 2.4. Very close to the beam line at the
inner layer of the end cap, where very high particle rates are present, Cathode Strip
Chambers (CSC) are positioned because of their fine granularity and fast operation.
Resistive Plate Chambers (RPCs) serve as trigger detectors in the barrel region where
as Thin Gap Chambers (TGCs) provide trigger measurements in the end cap.

A naming scheme is adopted for the MDT stations, according to the position of the
stations in the spectrometer. The first letter of the three-letter name states if the station
is in the barrel (B) or in the end cap (E). The second letter refers to the layer of the
station which can be inner (I), middle (M) or outer (O). The last letter is defined by the
size of the station, large (L) or small (S). Thus a BOL station is a large muon station
in the barrel outer layer. Some special stations that do not follow this naming scheme
are placed in regions with low coverage, for instance in the regions between the feet of
the barrel toroid.
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Figure 1.6: Cross-section of the barrel Muon Spectrometer perpen-
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1.2 The ATLAS detector

Monitored drift tube chambers

MDT chambers (or stations) provide most of the precision measurements in the Muon
Spectrometer. Figure 1.8 shows a cut-out for a typical middle or outer MDT barrel
station with two multi-layers consisting of three layers of MDTs. The inner stations
are equipped with four layers per multilayer to improve the local pattern recognition.
An MDT consists of an aluminium tube with a radius of 30 mm filled with a drift gas
mixture of Ar : CO2 = 93 : 7. The gold plated tungsten anode wire has a diameter
of 50 µm. The tube operates at a pressure of 3 bar and a voltage of 3040 V. When
a charged particle traverses the tube, ionization clusters are produced in the drift gas,
which will drift to the wire, creating a signal. The distance between the particle and
the wire is determined by measuring the arrival time of the first cluster that reaches
the wire causing the signal to pass a threshold, as is shown in Figures 1.9-a and b [17].
The measured drift time is converted to a drift radius of the measurement via an rt-
relation. This relation is not linear (see Figure 1.9-d) and is sensitive to various external
conditions such as temperature, gas-mixture and magnetic field. These local conditions
are monitored with magnetic field sensors and temperature sensors installed on the MDT
stations.

Note that the measurement of the drift circle gives a precise position in one plane,
with a typical resolution of 80 µm per tube (35 µm per chamber). The position of the
particle along the tube is not measured by the MDT chambers, except for some special
chambers that are equipped with so called twin-tubes [18]. Measurements from the
RPCs or extrapolation from the Inner Detector system provides the second coordinate
of the measurement. The MDT stations are positioned such that the precision plane is
in the bending plane of the toroid magnetic field.

Figure 1.8: Schematic overview of a barrel MDT station. Part of the top multi-layer
is removed to show the interior of the station.

19



The LHC and the ATLAS detector

Drift time (ns) Radius (mm)

Time (ns)

0 200 400 600

0 500 1000 1500

0

V
o
lt

a
g
e 

(V
)

4 8 12

D
ri

ft
 t

im
e 

(n
s)

0.5

0

0.5

1

0

200

400

600

(b)

Time

(a)

Threshold

t

r

a.
 u

.

(c) (d)

µ

29.970 mm

Anode wire

Cathode tube

R min

Figure 1.9: The operational principle of MDTs. a) A muon traversing the tube creates
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threshold. c) Typical drift time spectrum. d) rt-relation.

Figure 1.10 shows the transverse momentum resolution of the MDT chambers for the
barrel (|η| < 1.5) and end cap (|η| > 1.5). For muons with a transverse momentum of less
than 20 GeV, energy loss fluctuations in the calorimeters form the dominant contribution
to the momentum resolution. For muons with transverse momenta between 20 GeV
and 200 GeV, multiple scattering dominates the resolution. For very high transverse
momentum muons, over 200 GeV, the resolution is dominated by the intrinsic MDT
tube resolution and chamber alignment.

Cathode strip chambers

In the region of 2 < |η| < 2.7 in the inner wheel of the end caps, CSC are installed for
precision measurements. The expected particle rate of over 150 kHz/cm2 gives a too
high occupancy for MDT chambers. The CSCs can handle this high rate and achieve a
typical resolution of 40 µm in the precision plane and 5 mm in the second coordinate.
Eight small and eight large stations are installed in sectors like the MDT chambers.
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Figure 1.10: Contributions to the transverse momentum resolution, averaged over
|η| < 1.5 (left plot) and |η| > 1.5 (right plot) .

CSCs are multi-wire proportional chambers with anode wires oriented radially and
cathode strips oriented perpendicular to them, segmented in either η or φ. Interpolation
of the charge picked up by the strips provides a position measurement. Each crossing
muon will give four measurements in both η and φ planes, making it possible to resolve
multiple particles per station. The small gas volume and gas mixture (Ar : CO2 = 80 :
20) provide small drift times resulting in a time resolution of 7 ns.

Resistive plate chambers

The RPCs provide a trigger for muons in the barrel region. Two RPC stations are
mounted on the middle barrel MDT chambers and the outer barrel MDT chambers
are equipped with one RPC station, see Figure 1.7. Each RPC station provides two
measurements in η and φ, giving a total of six measurements per muon traversing the
barrel spectrometer. The φ measurements provide the second coordinate for the MDT
precision measurements. The typical resolution of the RPC measurements is 10 mm in
both the bending and the non-bending plane.

The RPC is a gaseous parallel electrode-plate detector. Two resistive plates made
of phenolic-melamine plastic are kept parallel at a distance of 2 mm. As drift gas, a
mixture of C2H2 : ISO − C4H10 : SF6 = 94.7 : 5 : 0.3 is used. This gas-mixture allows
operation at a voltage of 9.8 kV and gives a signal width of 5 ns. Per gas gap, the signal
is read out via metallic strips in η and φ. Each RPC station consists of two gas gaps.
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Figure 1.11: Geometry of the ATLAS magnet system and the iron in the hadronic
calorimeters.

Thin gap chambers

Trigger measurements in the end caps of the spectrometer are provided by TGCs. TGCs
are multi-wire proportional detectors operating with a gas mixture of CO2 : n−C5H12 =
55 : 45, operated at 2.9 kV. The radial coordinate is measured with gold-coated tungsten
anode wires, the azimuthal position is measured by pick-up strips. A TGC unit consists
of two gas gaps (doublet) or three gas gaps (triplet).

The units are installed in four wheels per end cap, see Figure 1.7. A doublet unit is
positioned before the inner MDT wheel, a triplet before the middle MDT wheel. Two
doublet units after the middle MDT wheel give a total of 9 measurements per particle
traversing the end cap spectrometer. The typical resolution of the TGC chambers is 2-6
mm in the bending plane and 3-7 mm in the non-bending plane.

1.2.4 Magnet system

ATLAS has four large superconducting magnets to provide the magnetic field to bend
charged particle trajectories. The superconducting magnet system is cooled down to 4.6
K and consists of the following components (see Figure 1.11):

� A central solenoid providing a 2 T axial magnetic field for the Inner Detector sys-
tem. It consists of a single-layer wound coil with a Al-stabilized NbTi conductor.
The inner diameter of the superconducting coil is 2.46 m, the outer diameter 2.56
m and its axial length 5.8 m. The flux is returned via the steel in the hadronic
calorimeters.

� A barrel toroid providing a 0.5 T toroidal magnetic field in the Muon Spectrometer
barrel volume. Eight Al-stabilized NbTi/Cu conductor coils in their personal
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vacuum vessels provide this field. The inner diameter of the coil is 9.4 m, the
outer diameter 20.1 m with a length of 25.3 m.

� Two end cap toroids providing a 1.0 T toroidal magnetic field in the Muon Spec-
trometer end cap volume. Each end cap consists of a single cold mass constructed
from eight square coil units. The superconducting coils are from the same material
as the barrel toroid.

The solenoid magnet is shorter than the Inner Detector length, causing the magnetic
field to drop from 2T from the center of the Inner Detector to around 1T in the forward
regions. The left plot in Figure 1.12 shows the axial and the radial components of the
solenoidal magnetic field at a fixed azimuthal angle. Due to the inhomogeneity of the
magnetic field, the use of a magnetic field map is needed for tracking and reconstruction.

The right plot in Figure 1.12 shows the bending power in the form of a field integral
∫

Bdl in the toroid magnet system as function of |η|. Two values of the azimuthal angle
are shown, one traversing a toroid coil (φ = π/8) and one between two toroid coils. The
field integral drops significantly around |η| = 1.5, called the transition region between
the barrel and end cap toroids. Although an iron core would enhance the magnetic field
strength, an air-core toroid was chosen to minimize multiple scattering in the Muon
Spectrometer.

1.2.5 Trigger system

The LHC has a bunch crossing rate of 40 MHz and the average size of an event is
approximately 1.3 Mb. It is not possible to store the complete data for offline on
tape. Moreover, not all bunch crossing events contain hard collisions. ATLAS deploys a
three-level trigger scheme to select potentially interesting physics events and reduce the
amount of data to be stored. Figure 1.13 shows the three distinct levels of the trigger
system: a level-1 (LV1) trigger, a level-2 (LV2) trigger and the event filter (EF) as a
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Figure 1.13: Schematic overview of the ATLAS trigger system.

third level trigger. The level-2 and event filter combined are called the high level trigger
(HLT).

Level-1 trigger

The LV1 trigger is a hardware-based trigger with the task to select high transverse
momentum leptons, photons and jets, as well as large missing transverse energy (Emiss

T )
events. The events are selected by using reduced granularity information from the
calorimeters and the trigger chambers of the Muon Spectrometer. The LV1 trigger
defines regions of interest (RoIs), which are regions in η and φ in which interesting
features are defined. This level consists of a pipeline memory system such that multiple
crossings can be analyzed simultaneously. The decision reduces the event rate to 100
kHz within a decision time of less than 2.5 µs.

Level-2 trigger

The LV2 trigger is a software-based trigger and is seeded by the RoIs defined by the
LV1 trigger. At the second level, the full granularity and precision of the measurements
within the RoIs are used to select interesting events. This accounts to 2% of the total
amount of data. The LV2 uses dedicated software to reconstruct and identify physics
objects (e.g. electrons, muons and jets) in the RoIs. This reduces the event rate to
below 3.5 kHz with a latency of around 40 ms per event.
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Event filter

The EF uses offline analysis procedures on the full event information to select events,
reducing the event rate further to approximately 200 Hz, with an average processing
time of 4 s. The EF reconstruction runs on a dedicated computer cluster near the
ATLAS site. Events passing the EF are written to mass storage and made available for
further offline processing.

The operation of the trigger is configured using trigger menus, that define a set of
trigger conditions. A trigger condition contains a physics object and a defined threshold
or cut value (such as pT >20 GeV). The trigger menus are designed such that the
interesting events are accepted.

Events that pass the selection criteria are tagged based on the descision of the EF and
sorted accordingly in data streams. Example physics streams are the electron stream,
the muons stream and the missing transverse energy stream. Besides physics streams,
a calibration stream is available for data used to calibrate the detectors. Finally an
express stream is used to monitor the data quality. Further analysis will be based on
these streams.
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